Surface soil and chamomile plant samples from 26 locations affected by several anthropogenic sources (coal-burning power plant, traffic emissions, lead/zinc and iron factories) were collected in Bulgaria. The mobilizable (extracted by 0.11 mol/L acetic acid) and the phytoavailable (extracted by 0.05 mol/L EDTA) metal fractions were evaluated using the extraction protocols proposed by the Standards, Measurements and Testing Programme of the European Union (BCR). Cadmium accumulation in chamomile roots, stems and flowers correlated well with acetic acid/EDTA soluble Cd as well as with the total soil cadmium (r > 0.84). However, lead uptake was found to correlate significantly only with its content in the EDTA-soluble soil fraction (r > 0.82). The results reveal that single soil extraction with EDTA is an appropriate procedure for quick estimation of potential availability of Cd and Pb to chamomile plants from polluted soils.
Introduction
Metallurgy, traffic and coal-burning power plants are the most important sources of Cd and Pb pollution in the environment (5, 6, 16) . The contamination with these toxic elements is mainly airborne and represents the most long-term pollution problem of industry and traffic, especially in agricultural areas. total soil content of metals by itself is not a good measure for assessing their bioavailability and not a very useful tool to determine the potential risk for soil contamination. the possibility for cd and Pb to be absorbed by plants depends on the specific plant, on the soil physicochemical conditions and on their distribution in different soil fractions. leaching tests based on single extractions provide a quick estimate of the available and mobilizable fraction of elements (2, 10, 11) . The acetic acid-soluble fraction in the first step of the BCR sequential extraction procedure (15) is considered to represent the most mobile forms of cd and Pb useful for assessment of the available (potentially hazardous) fraction to environmental and biological systems. eDtA should release all the soil chemical forms of these toxic elements which are not included in silicates and refractory oxides (11) . Considering that the concentration of elements measured in EDTA soil extracts generally tends to correlate well with plant uptake, this single extraction was chosen by the BCR to certify the potentially phytoavailable part of the contaminants (14) . Complexation by EDTA and acetic acid are thought to simulate the complexing behavior of root exudates (2) . However, the reported results for the relationships between acetic acid and EDTA soluble part and plant uptake are contradictory because element accumulation among plant tissues depends on the genotype and varieties of the plants (1, 3, 7, 9) . Additional investigations are necessary in order to obtain useful information for reliable assessment of the bioavailable Cd/Pb fraction and the estimation of related phytotoxic effects. The aim of the present work was: i) to evaluate the accumulation of Cd and Pb by Matricaria chamomilla (chamomile). The wild chamomile was the only plant growing on all the examined contaminated sites: coal-burning power plants, roadside soils polluted from traffic exhaust, lead/zinc and iron smelters; ii) to investigate the correlation between the metals accumulated in plants and the metal content in acetic acid and EDTA soil extracts; iii) to estimate the adequacy of the BCR protocol for acetic acid and EDTA extractable soil Cd/Pb in giving a useful and quick estimate of the potential metal phytoavailability and toxicity.
Materials and Methods

Sample collection
Plant species growing naturally in all of the examined industrial areas was the medicinal herb Matricaria chamomilla (chamomile). Freshly harvested samples of this herbal plant were separated into roots, stems and flowers, carefully washed with water to remove soil and dust particles, air dried and then thoroughly ground, milled, mixed and homogenized in order to obtain representative samples before subsequent analyzes for the content of cd and Pb. the soil samples corresponding to the chamomile roots were air dried, mildly ground with
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a wooden roller to pass through a 2 mm sieve and stored in polypropylene containers. The samples were collected from 26 contaminated sites in Bulgaria: coal-burning power plants (S-CPP), areas polluted by traffic in the capital city of Sofia (S-traffic), lead-zinc factory (S-Pb/Zn) and a steel mill (S-Fe). the sites and the general characteristics of the soil samples are specified in Table 1 . The pH was measured in a 1:5 suspension of soil in pure water. Calcium carbonate equivalent (%) and total organic matter content (O.M. %) were determined by means of commonly used procedures (12, 13) . 
S-T5:S-T10
Traffic Sl/l 6.8-7.4 0.6-2.1 4.4-6.1
S-Pb/Zn11: S-Pb/Zn18
Pb/Zn smelter Sc/ Sl 6.1-6.5 0.3-7.2 2.6-5.8
S-Fe19: S-Fe26
Fe smelter l 6.7-6.9 1.3-9. the soil samples for total cadmium and lead content were digested with aqua regia and HF (ISO 13656). EDTA (0.05 mol/L) and acetic acid (0.11 mol/l ch 3 COOH) soil extracts were prepared according to harmonized BCR protocols (14, 15) . All reagents used were of analytical-reagent grade (p.a. Merck, Darmstadt, Germany). Milli-Q water (Millipore, Bedford, MA, USA) was used throughout. The following standard reference materials were used to check the reliability of the results: BCR-700, BCR-701, INCT-MPH-2 Mixed Polish Herbs, and Soil CRM NCS DC 73386/73308. The obtained and certified values of cd and Pb ( Table 2 ) did not differ significantly, at 95 %, in any of the runs.
Statistical calculations
The statistical data calculations were performed with the STATISTICA 7.0 software.
Results and Discussion
Cadmium and lead in soil fractions the total content of cd and Pb in the 26 studied polluted soil samples and the cd and Pb concentrations in the soil fractions extractable with acetic acid and EDTA are presented in the results in Table 3 indicate that all the samples polluted by intensive traffic, Pb/Zn and Fe smelters contain lead in concentrations higher than MAc. one soil sample from the examined four soil samples polluted by the activity of coalburning power plants showed a total lead content above the MAC.
The EDTA soluble fraction of Cd was 0.2 mg/kg to 0.3 mg/kg Cd, which amounted to about 27 % to 76 % of total soil cadmium. For Pb this phytoavailable fraction was in the range of 8 mg/kg to 207 mg/kg, or around 26 % to 52 % of its total soil content ( Table 3 ). The relatively high phytoavailable Cd and Pb can represent a significant proportion in highly contaminated soils and may cause possible health risks in the food chain when these soils are used for agricultural purposes. The acetic acid extractable fraction as percent of the total soil content was found to be in the range of 0.8 % to 16 % for Cd and 0.17 % to 1.45 % for Pb. It means that Cd in contaminated soils possessed higher mobility than Pb. For highly contaminated soils 16 % solubility in acetic acid could pose a risk for contamination of ground water under specific conditions.
Assimilation of cadmium and lead by plants
Investigation of cadmium and lead distribution and accumulation in surrounding plants is of great importance for environmental monitoring and phytoremediation. Roots, stems and flowers of chamomile plants growing in the area of the studied sites were analyzed, and the results are summarized in Table 4 . The root lead content was higher than that in the shoots. Similar results have also been reported for Brassica peckinensis l. (1), Phaseolus vulgaris (11), Salix, Carex rostrata, Phragmites australis (17) . cadmium in the aboveground part of the biomass (Cd in flowers plus stems) did not substantially differ from that in the roots. this can be illustrated by the calculated biological transfer coefficient (BTC) defined as the ratio between the concentration of the element in the aboveground tissues (flower plus stem) and that in the roots (Fig. 1) . the biological accumulation coefficient (BAC) defined as the ratio between the total Cd/Pb concentration in a plant (root plus stem and flower) to the total content of Cd/Pb in the corresponding soil was also calculated and the results are presented in Fig. 2 . the results in Fig. 1  and Fig. 2 show that, for cadmium, the BTC and BAC values were similar, varying for all sites in close ranges (0.97-1.1 for BTC and 1.12-1.37 for BAC). The results showed relatively high availability of Cd to plants, which agrees with the results reported by other authors (4). The BTC values for Pb in all samples were lower than 0.3, which shows again that Pb was mainly accumulated in roots. The lower BTC values for lead ( Fig. 1) indicate that this element is mobilized to a lesser extent towards the stems and the flowers as compared to Cd. The relatively low BAC for Pb (<0.2) indicated lower mobility of Pb inside the plants than of cd (Fig. 2) . it means that Pb should not represent a serious threat to the ecosystem. These results confirm the conclusion of other authors that plants act as a barrier to soil lead and so the risk posed to biota should be low (4, 8) . Nevertheless, for lead-polluted agricultural soils with a high concentration of Pb in the eDtA soluble soil fraction, the potential risk of phytotoxic effects and food chain contamination caused by this element could be of health concern.
The relationship between the metal content in the chamomile plant parts, soil acetic acid and EDTA-extractable values and the total metal content in the soil samples was assessed by correlation analysis. The correlation coefficients for these relationships are listed in Table 5 and Table 6 . in the case of cadmium, high correlations were found ( Table 5) between its content in different plant parts (flowers, stems and roots) as well as between the cadmium content in chamomile parts and in all soil extracts. This indicates that Cd is distributed in the soils in forms readily extractable with both acetic acid and EDTA and that both extraction procedures would give a reliable estimate for potential cadmium mobility from the soil to the plant and for respective risk assessment for cadmium pollution. (Table 6) . the lead content in the acetic acid soil extracts did not correlate with its content in the plant parts and with the total soil lead. One probable explanation could be the high content of Pb in most of the examined soil samples ( Table 3 ). The fraction of Pb which was found to be distributed in the soils as soluble/exchangeable and carbonate-bound forms was found to be very small in relation to the relatively high total concentration of Pb in polluted soils. However, the high correlation found between lead content in all plant parts and soil EDTA-extractable lead show that EDTA allows a quick estimate to be made of the potential risk from lead pollution.
Conclusions
The results of this study showed that the plant accumulation extents are consistent with Cd contents in plants and in corresponding soils (Btc~1). the accessibility of Pb to surrounding chamomile plants was lower (BTC < 0.3). The EDTA-extractable Cd and Pb fraction from polluted soils gives a useful information for assessment of the bioavailable fraction of toxic elements and estimation of their associated phytotoxic effects. Chamomile, as a plant growing in polluted areas during June-September, could be used as a bioindicator for assessment of heavy metal pollution.
